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In this work we use a mapping technique to derive in the context of a constituent gluon 
model an effective Hamiltonian that involves explicit gluon degrees of freedom. We study 
glueballs with two gluons using the Fock-Tani formalism. 
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1. Introduction 

The gluon self-coupling in QCD implies the existence of bound states of pure gauge 
fields known as glueballs. Numerous technical difficulties have so far been present 
in our understanding of their properties in experiments, largely because glueball 
states can mix strongly with nearby qq resonances. However recent experimental 
and lattice studies of 2++ and ^ glueballs seem to be convergent. In the 
present we follow a different approach by applying the Fock-Tani formalism in order 
to obtain an effective interaction between glueballs ^. A glueball-glueball cross- 
section can be obtained and compared with usual meson-meson cross-sections. 

2. Fock-Tani Formalism for Glueballs 

The starting point is the creation operator of a glueball formed by two constituent 
gluons 

where gluons obey the following commutation relations 
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The composite glueball operator satisfy non-canonical commutation relations 

[Gq,G/3]=0 ; [Ga,Gp] — Sap + Aaf3 

where 

The Fock-Tani formalism introduces "ideal particles" which obey canonical rela- 
tions, in our case they are ideal glueballs 

[9a, 913] = ; [9a, 9^] = ^a(3 

This way one can transform the composite glueball state |a) into an ideal state [a ) 

by 

l«)-C/-'(-|)Gl|0>==gt |o) 

where U = exp(t_F) and F is the generator of the glueball transformation given by 

F = glGa - (1) 

with 

Ga = Ga — —AapGp — -G^[A^-y, Ga]Gj 

In order to obtain the effective glueball-glueball potential one has to use in a 
set of Heisenberg-like equations for the basic operators g, G, a 

dgajt) . ^ dGgjt) ~ 

^[9a,F\=Ga ; -J^ ^ [Ga[t),F\ = -ga. 

The simplicity of these equations are not present in the equations for a 
^ = [a,,F] = V2^';^at9, + ^c^^-^at A,„g^ 
+ K''"^fiGla^'9f3-gla^'Gf3) 

The solution for these equation can be found order by order in the wavef unctions. 
So, for zero order one has a|[''' — 

9a\t) — GaSint + gacost ; G^p\t) = Gp cost — g^j sin t 

In the first order ga'' = 0, g''^^ = and 

a(!Ht) = V2<S>>;^-at[G^^'>-Gp] 
In the second order we found 
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To obtain the third order a/j (t) is straightforward and shall be presented elsewhere. 
The glueball-glueball potential can be obtained applying in a standard way the 
Fock-Tani transformed operators to the microscopic Hamiltonian 

Tiinv; ap) = T^{p)a^^a^ + ]^Ve^{^iv] ap)a^^alapaa 
where one obtains for the glueball-gluball potential Vgg 

4 

Vgg = Y,VMT,5P)9U\m9p (2) 

i=l 

and 

Vi{ar,5P) = 2T4,(Aii.;ap)$*^"$7«$^«$^^ 
V2{aT.5l3) = 2t4a(Mf^;ap)$*'^-$7«$f 

Vi{ar. 513) = Vaa{t^v- . 





Fig. 1. Diagrams representing the scattering amplitude hfi for glueball-glueball interaction with 
constituent gluon interchange. 

The next step is to obtain the scattering T-matrix from Eq. (0) 

T{ap-^5) = {aP\Va9\l5)- 

Due to translational invariance, the T-matrix element is written as a momentum 
conservation delta-function, times a Born-order matrix element, hfi: T{aP;'yS) = 
5(3)(p^ - P.,) hfi, where P/ and P., are the final and initial momenta of the two- 
glueball system. This result can be used in order to evaluate the glueball-glueball 
scattering cross-section 



47r'^ s 



dt\hf^V (3) 



where Mq is the glueball mass, s and t are the Mandelstam variables. 
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3. The Constituent Gluon Model 



On theoretical grounds, a simple potenti al rn odel with massive con stituent gluons, 
namely the model of Cornwall and Soni EE has been studied and the results 
are consistent with lattice and experiment. In the conventional quark model a 0^"*" 
state is considered as qq bound state. The 0++ resonance is a isospin zero state 
so, in principal, it can be either represented as a qq bound state, a glueball, or a 
mixture. In particular there is growing evidence in the direction of large ss content 
with some mixture with the glue sector. It turns out that this resonance is an 
interesting system, in the theoretical point of view, where one can compare models. 
In the present work we consider two possibilities for 0++: (i) a as pure ss and 
calculate, in the context of a quark interchange picture, the cross-section; (ii ) as a 
glueball where a new calculation for this cross-section is made, in the context of the 
constituent gluon model, with gluon interchange. The potential T4,a is determined 
in the Cornwall and Soni constituent gluon model El 



(4) 



where 

^s 



UJl h UJ2 — ^ ^J{r) 



, Vs{r) = 2m{l~e-^"'') (5) 



and 

D{r) 



t3/2 



The parameters A, m, k and (i assume known valueJ^EEl while the wave function 
(^'^ is given in El The glueball-glueball scattering amplitude /i/; is given by 



(7) 



where 
i?o = 

Ri = 

i?2 

R^ 

i?4 



(27r)3/2&3 
AwfU\/2^ 



exp 



2&2 V4 
dq 



m; 



Jt 

3(52 ^ 2fc2r7l2)3/2 

32V2^ 



q 

q^ + vn? 



exp 



exp 



q 

262 



tk'^m? 



7-^-^5-^ exp 



(g2 +/?2^2) 



Awf^ 16V2^&2 



dq 



g2 -|- 777,2 



'262 
exp 



Jo 



4(64 + 262fc2r772 
2 



862 



262 
exp 



Jo 



( qVu 

\ 262 

uk'^m'^ 



4(64 _^ 2Pk^m^) 



V262 V 4 



sinhf 4^J1-M^ 
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i?5 
i?6 



Aw, 



(3) 



167r63fc3 



■ exp 



3 (262 + 3fc2m2)3/2 
/o 



M2 



fc2m2(|-M2) 

2(264 + 362 /c2j„2) 

'3g2^ 



((72+/32^2)2exp(^g^2;«inh^2;,2 



--Af2 



(8) 



here h = J? where is the glueball's rms radius and j7o(a;) = smxjx. In 

one finds the following notation lJ"^ and ^^^2*"*' where the index i correponds to 
the number of the evaluated diagram in figure (1) The cross-section is obtained 
inserting Q in ||2Jl. From reference 1^ one obtains the corresponding cross-section 
for a meson with a ss content 



47rQ!2s 
81to4 



46- 



I 



128 _ e _ 5 

— -e ^-l-e 86^-1 -;= — 

27 3%/3 i 



64 462 « 

e 126^ 



e 246 



4fa2 1 



s— 4M^. The comparison between the cross-sections in the glueball picture 



with ^ 

and the quark picture for the 0+^" meson is given in figure (2) 



E. 20 




(GeV) 



Fig. 2. Cross-section comparison for with the following parameters /3 = 0.1, A = 1.. 

k = 0.21, gluon mass m = O.OGeV. The ss quark model parameters: mq = 0.55 GeV, ois = 0.6. 



4. Conclusions 

In this work we have extended the Fock-Tani Formalism to a hadronic model in 
which the bound state is composed by bosons. The Cornwall-Soni constituent gluon 
model has been successful in describing low mass glueballs, in particular the 0++ 
resonance, which is a isospin zero state. This state can be either represented as a 
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qq bound state, a glueball, or a mixture. In the present work we have considered 
two possibiUties for 0++: a as pure ss and as a glueball. A comparison of the 

cross-sections reveals that a quark composition for the 0+"'" implies in a larger rms 
radius than in the constituent gluon picture. This could represent a criterion for 
distinguishing between pictures. 
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